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0 Method for carrying out hemodynamic measurements on a patient and fliw-directed balloon 
catheter used for this. 



© A method for carrying out hemodynamic mea- 
surements on a patient, using a flow-directed balloon 
catheter (1), which is connected to a measuring unit 
and is at least provided with a distal measuring 
lumen (15) and a balloon-inflating lumen (16), corn- 
uprising the steps of inserting the catheter by way of 
suitable vein and further by way of the right atrium 
^and ventricle into the pulmonary artery until the 
1*^ distal end with the inflated balloon in wedge position 
CO is stuck in a branch thereof and closes off the latter. 
j^A proximal measuring lumen (18)is provided a few 
0) centimeters apart from the distal measuring lumen 
CM (15). Then the pulmonary arterial pressure (PAP) is 
q measured, as long as the catheter has not yet ar- 
rived in the wedge position, via both the proximal 
jjjand distal measuring lumina and the two relevant, 
virtually identical pressure curves are simultaneously 
recorded. 



In the wedge position of the catheter with the 
balloon inflated, the pulmonary arterial pressure 
(PAP) and the pulmonary capillary wedge pressure 
(PCWP) via both said measuring lumina are mea- 
sured respectively. 
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Method for carrying out hemodynamic measurements on a patient and flow-directed balloon catheter 

used for this. 



The invention relates to a method for carrying 
out hemodynamic measurements on a patient, us- 
ing a flow-directed balloon catheter, which is con- 
nected to a control and pressure-measuring unit 
and is at least provided with a distal measuring 
lumen and a balloon-inflating lumen, comprising 
the steps of inserting the catheter by way of a 
suitable vein until the distal end is positioned inside 
the thorax, and of subsequently inflating the balloon 
and of inserting the catheter further by way of the 
right atrium and ventricle into the pulmonary artery 
until the distal end with the balloon in wedge posi- 
tion is stuck in a branch thereof and closes off the 
latter. By measuring lumen, the opening end of a 
through tube is meant which tube is connected at 
the other end to the control and pressure-measur- 
ing unit 

This method and the catheter used for this are 
known, inter alia, from the article "Hemodynamic 
Monitoring" by N. Buchbinder and W. Ganz in 
"Anesthesiology". August 1976. vol 45. no. 2. 
pages 146-165. 

In this known method and catheter, a number 
of hemodynamic measurements are carried out in 
order to gain an impression therewith of the func- 
tioning of heart and circulation. The pulmonary 
arterial pressure (PA pressure) and the pulmonary 
capillary wedge pressure (PCW pressure) play a 
very important role here. The pulmonary capillary 
wedge pressure is regarded as being a good mea- 
sure of the end-diastolic pressure in the left ventri- 
cle because there is a continuous head of fluid 
(blood) between the left artrium and the catheter 
end in wedge position. As a result the PCW pres- 
sure can be designated as the filling pressure in 
the left atrium. The functioning of the left ventricle 
as a pump is determined to a considerable extent 
by the end-diastolic volume in the left ventricle. For 
a satisfactory approximation of this volume, the 
end-diastolic pressure in this left ventricle can be 
used. Catheterization of an artery would be neces- 
sary to measure this pressure directly. Instead of 
this, the PCW pressure, which can be assessed by 
routine measurement with hemodynamic monitors, 
is used. It is evident that a partial or unsatisfactorily 
controlled wedge position of the catheter makes 
the measurement unreliable. A partial wedge posi- 
tion will generally be recognisable by the pressure 
curve shown on a monitor. However, this is not 
always the case because PCW pressure curves 
often do not show the "ideal picture" and. because 
there is great variability in PCW pressure curves. 

Additionally, the known method of carrying out 
hemodynamic measurements has the problem that 



the PA pressure is measured during introduction of 
the catheter with the inflated balloon into the pul- 
monary artery and that the PCW pressure is mea- 
sured at a subsequent instant when the wedge 

5 position of the catheter is reached. It also holds 
that the PA pressure is measured when the cath- 
eter has been brought into position without the 
balloon being inflated and the PCW pressure is 
measured at a subsequent instant after inflating 

iq the balloon. Due to the fact that these curves are 
recorded only a consecutive instants in this way 
they can therefore be assessed and evaluated on 
the monitor exclusively with consideration of the 
time difference. A further problem which occurs is 

is that a catheter with non-inflated balloon may come 
in a wedge position which is displaced upwards, 
which may not be noticed or is not directly notice- 
able because the PCW pressure curve cannot al- 
ways satisfactorily be distinguished from the PA 

20 pressure curve which is measured first. Such an 
upward displaced wedge position, which may be 
caused with a non-inflated balloon by some artefact 
or other, may have very adverse effects on the 
blood through-flow in the pulmonary artery of the 

25 patient. 

The invention aims at overcoming the above- 
mentioned problems and at providing an exception- 
ally efficient and safe method and a catheter used 
for this, by which the safety of insertion and posi- 

30 tioning of the catheter and the quality and control 
of the pulmonary pressure measurement are guar- 
anteed. 

This is achieved, according to the invention, in 
a method of the type mentioned at the outset in a 

35 manner such that a proximal measuring lumen is 
provided in the catheter a few centimetres apart 
from the distal measuring lumen, and that during 
the insertion of the catheter into the pulmonary 
artery, as long as the catheter has not yet arrived 

40 in the wedge position, the pulmonary arterial pres- 
sure is measured both via the proximal measuring 
lumen and via the distal measuring lumen and that 
the two relevant pressure curves which are virtually 
identical are simultaneously recorded by the mea- 

45 suring unit and/or represented thereon. 

In a further embodiment of the method accord- 
ing to the invention, the method comprises the step 
of subsequently measuring, in the wedge position 
of the catheter with the balloon inflated, the pulmo- 

50 nary arterial pressure and the pulmonary capillary 
wedge pressure via the proximal measuring lumen 
and via the distal measuring lumen respectively 
and of simultaneously recording the two relevant, 
mutually different pressure curves with the measur- 
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ing unit and/or representing them thereon. By this 
means, the moment at which the catheter arrives in 
the wedge position can be clearly detected by the 
two said curves diverging, as a result of which the 
simultaneous measurement of PA pressure and 
PCW pressure relative to each other is indepen- 
dent of interfering cardiac and respiratory influ- 
ences. 

In another embodiment of the method accord- 
ing to the invention, the method comprises the step 
of incidentally inflating the balloon in the wedge 
position of the catheter, the pressures measured 
simultaneously via the two measuring lumina in the 
uninflated and inflated state of the balloon produc- 
ing pressure curves, which are virtually identical 
and mutually different, respectively, on the measur- 
ing unit as a result of which the wedge position is 
exactly determined and a reliable measurement of 
the two said pressures is guaranteed. Thereafter, in 
a spontaneously assumed and upward-displaced 
wedge position of the catheter with the balloon 
uninflated. the pulmonary arterial pressure and pul- 
monary capillary wedge pressure measured simul- 
taneously via the proximal measuring lumen and 
via the distal measuring lumen will produce dif- 
ferent pressure curves on the measuring unit as a 
result of which the moment at which the catheter 
arrives spontaneously in an upward-displaced 
wedge position with the balloon uninflated can be 
clearly detected by the divergence of the two said 
curves and an alarm can be given. 

In yet another embodiment of the method ac- 
cording to the invention, the method comprises the 
step of measuring, during the insertion of the cath- 
eter by way of the right atrium and ventricle into 
the pulmonary artery or during removal of the 
catheter therefrom, the pressure on one side and 
on the other side of the tricuspid valve and/or the 
pulmonary valve, by means of the proximal and 
distal measuring lumina, so that the pressure gra- 
dient over the said valve(s) is recorded and/or 
represented on the measuring unit by means of 
two pressure curves. 

The flow-directed balloon catheter mentioned 
in the outset is designed for carrying out the ab- 
ovementioned methods in a manner such that a 
proximal measuring lumen is provided a few cen- 
timetres apart from the distal measuring lumen 
which makes it possible to measure the pulmonary 
arterial pressure and the pulmonary capillary 
wedge pressure simultaneously in the wedge posi- 
tion of the catheter. Present catheter may also be 
implemented such that each measuring lumen in- 
cludes a pressure transducer, f.i. in chip form. Said 
transducer directly converts the pressure, mea- 
sured at said lumen, into an electrical signal. Said 
signal is transmitted to the measuring unit instead 
that the pressure, otherwise present in the lumen 



and corresponding tube, is converted into a signal 
via a transducer in the measuring unit per se. 

It is known in practice to provide such a flow- 
directed balloon catheter with a proximal lumen for 

s measuring pressures, this being provided, however, 
at a distance of 25 to 30 cm from the distal tip. 
This proximal lumen is solely intended for measur- 
ing the right artial pressure or the central venous 
pressure when the distal tip of the catheter is 

w located in the pulmonary artery. Furthermore, par- 
ticular fluids for infusion or medicines may be 
administered via this lumen. 

The invention will be explained in detail by 
means of an embodiment with reference to the 

75 drawings, in which: 

Figure 1 shows a simplified diagram of the 
systemic blood circulation in human beings; 

Figure 2 shows a view of a known flow- 
directed balloon catheter; 

20 Figure 3 shows a curve exemplifying the 

blood pressure measured via the catheter from the 
right atrium to the wedge position; 

Rgure 4 shows a view of the flow-directed 
catheter according to the Invention; 

25 Rgure 5 shows curves of the pulmonary 

arterial pressure and the pulmonary capillary 
wedge pressure measured according to the state of 
the art and of some other parameters; 

Figure 6 shows curves of the pulmonary 

30 arterial pressure and the pulmonary capillary 
wedge pressure measured according to the inven- 
tion, and of some other parameters; 

Rgures 7 and 8 show curves of the pres- 
sures measured according to the invention on ei- 

35 ther side, of the tricuspid valve and the pulmonary 
valve, and of some other parameters; and 

Rgures 9 and 10 show a few other curves 
measured according to the invention. 

Rgure 1 shows diagrammatically the systemic 

40 blood circulation with the heart in diastole, i.e. with 
the ventricles 7 and 9 relaxed, the pulmonary valve 
10 and aortic valve 11 closed and the tricuspid 
valve 12 and mitral valve 13 opened. In this. 1 
designates a catheter inserted into the pulmonary 

45 artery 3. Part of the pulmonary circulation, the 
systemic circulation of the body, the right atrium, 
the right ventricle, the left atrium, the left ventricle 
and the pulmonary vein are indicated diagrammati- 
cally by 4, 5, 6, 7, 8, 9 and 14, respectively. It can 

so be seen how the flow-directed balloon catheter 1 
with the balloon 2 inflated has arrived near the 
wedge position in the pulmonary artery 3. 

Rgure 2 shows a known catheter provided with 
a distal measuring lumen 15, a balloon-inflating 

55 lumen 16 and a thermistor 17 (the function of which 
is explained hereinafter). During insertion of the 
catheter the distal measuring lumen can be used to 
measure the pressure consecutively in the right 
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atrium, right ventricle and thereafter in the pulmo- 
nary artery as is shown in Figure 3. This figure 
shows at the bottom specifically, viewed from the 
left, in succession the right atrium pressure (RAP), 
right ventricular pressure (RVP), pulmonary arterial 
pressure (PAP) and pulmonary capillary wedge 
pressure (PCWP) during insertion of the catheter 
and the pulmonary arterial pressure (PAP) again 
during removal of the catheter or deflation of the 
balloon. This figure furthermore shows the elec- 
trocardiogram (EKQ), the radial arterial pressure 
(ART) and respiration (RSP) of said patient. 

Figure 4 shows the catheter according to the 
invention which is additionally provided with a 
proximal measuring lumen 18 a few centimetres 
apart from the distal measuring lumen 15. As in- 
dicated before each lumen may include a pressure 
(chip) transducer. This embodiment makes it possi- 
ble to measure simultaneously the PA pressure 
and PCW pressure and the pressures at either side 
of the tricuspid valve and on either side of the 
pulmonary valve as indicated by Figures 5 to 8. 

As mentioned before, the position of the distal 
end of the catheter may represent a possible risk 
for the patient. In fact, the catheter may spontane- 
ously move into an upward-displaced wedge posi- 
tion with the balloon uninflated. As a result, the 
blood supply to the region of the lung located 
behind this is shut off, and the consequence may 
be a pulmonary infarct Such an unexpected dis- 
placement of the catheter tip without inflated bal- 
loon into an upward-displaced wedge position is 
not always noticed or it is not always directly 
recognisable from the PA pressure curve or the 
PCW pressure curve which then occurs. However, 
in this situation the new catheter can contribute to 
an alarm being given by the control and pressure 
measuring unit. 

Figure 5 consecutively shows the electrocar- 
diogram (figure 5a), the radial arterial pressure 
(ART) and respiration (RSP) of a patient (Figure 
5b), and the pressure measured in the pulmonary 
artery (Figure 5c) in mm Hg. This PA pressure 
measured with the known catheter passes over to 
the PCW pressure during further insertion of the 
catheter with inflated balloon or when the catheter 
is already in the wedge position after inflation of 
the balloon. CVP and TMP means central venous 
pressure and temperature respectively. 

Figure 6 consecutively shows the electrocar- 
diogram (Figure 6a), the radial arterial pressure 
(ART) and respiration (RSP) of a patient (Figure 
6b), and the pressures measured by the distal and 
proximal measuring lumina of the catheter accord- 
ing to the invention (figure 6c) in the pulmonary 
artery. During further insertion of the catheter with 
the balloon inflated or when the catheter is already 
in the wedge position after inflation of the balloon. 



the two curves will diverge because the distal mea- 
suring lumen will measure the PCW pressure and 
the proximal measuring lumen will measure the PA 
pressure. 

5 Due to the fact that the PA and PCW pressure 
curves can be measured simultaneously, control of 
the pulmonary pressure measurement is consider- 
ably improved. When the catheter is in position, 
but not in the wedge (balloon not inflated), the PA 

io pressure curve and the PCW pressure curve con- 
verge. If this is not the case the catheter has come 
spontaneously in an upward-displaced wedge posi- 
tion or the two pressure systems are no longer 
exactly synchronous (artefact transducer, incorrect 

rs calibration procedure, etc.). In the case of a single 
pulmonary pressure curve it will not be possible to 
detect these deviations as quickly. 

Figure 7 consecutively shows for a patient: the 
electrocardiogram (Figure 7a), the respiration 

20 (Figure 7b) and the simultaneously measured right 
atrial pressure (RAP: bottom curve) and right ven- 
tricular pressure (RVP: top curve) (Figure 7c). The 
two curves in Figure 7c are measured by the 
proximal measuring lumen and distal measuring 

25 lumen of the catheter according to the invention. 

Figure 8 consecutively shows for a patient: the 
electrocardiogram (Figure 8a), the respiration 
(Figure 8b) and the simultaneously measured right 
ventricular pressure (RVP: bottom curve) and pul- 

30 monary pressure (PAP: top curve) (Figure 8c). The 
two curves in Figure 8c are measured by the 
proximal measuring lumen and distal measuring 
lumen of the catheter according to the invention. 
As indicated in Figures 7 and 8, the pressure 

35 on one side and on the other side of the tricuspid 
valve and the pulmonary valve can be measured 
and recorded simultaneously via the proximal and 
distal measuring lumina during insertion or removal 
of the catheter. This makes it possible to diagnose 

40 stenosis or valvular insufficiency. 

The good quality of the pulmonary pressure 
measurement described above moreover results in 
the following. 

As has been illustrated, the measurement be- 

45 comes independent of interfering cardiac and res- 
piratory influences due to the simultaneous record- 
ing of the PAP curve and the PCWP curve. The 
intrathoracic pressure changes and hemodynamic 
fluctuations are completely parallel in the two 

so curves. As an example reference is made to Figure 
9 which shows an interfering cardiac influence 
(Figure 9a), i.e. a ventricular extrasystole, and an 
interfering respiratory influence (Figure 9b), while 
said PAP and PCWP curves (Figure 9c) relative to 

55 each other are nevertheless satisfactorily interpret- 
able. 

This is also of great importance for calculating 
the pulmonary vascular resistance (PVR). When 
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measurement of the PAP and PCWP is not carried 
out in an exact and synchronous manner this may 
incorrectly result in a negative deflection of the of 
the PVR. Unphysiological data may be quickly ob- 
tained especially when relying exclusively on digital 
reading on the monitor and when the fundamental 
curves are not used for quality control. 

P VR is determined using the equation PVR=( 
PAP- LAP )/CO f wherein LAP is the left atrial pres- 
sure and CO the cardiac output This cardiac out- 
put CO is measured via the known thermodilution 
method, and for this the catheter is provided with a 
thermistor. The left atrial pressure (LAP) can be 
replaced, as indicated in the introduction, approxi- 
mately by the pulmonary capillary wedge pressure 
(PCWP). 

In the context of analyzing the pulmonary vas- 
cular resistance, determined by a viscosity factor to 
be measured and a vascular factor not to be mea- 
sured, correct measurement of PCWP and calcula- 
tion of PVR is of fundamental value for specifying 
the medical indication. Reduction of iatrogenic 
complications is a further safety aspect which is 
not unimportant. 

If the PAP curve and the PCWP curve are 
subtracted from each other as shown in Figure 
10d, a "A(PAP-PCWP)" curve can be seen which 
is completely independent of the respiration (Figure 
10b) and therefore independent of the intrathoracic 
pressure changes (Figure 10c) due to respiration, 
and which is representative of the cardiac output 
and the pulmonary vascular resistance (CO x 
PVR). 

One of the reasons why pulmonary pressures 
are difficult to read is that the distal tip of the 
catheter sometimes "sways" ("catheter-whip ef- 
fect") and that no satisfactory PAP curve can be 
distinguished. When the balloon is inflated with 
preservation of the PAP and PCWP measurements, 
the distal tip of the catheter is fixed and this 
problem is largely solved. The possibility of PAP 
measurement with inflated balloon is lost in the 
classical catheter. 



Claims 

1 . Method for carrying out hemodynamic mea- 
surements on a patient, using a flow-directed bal- 
loon catheter, which is connected to a control and 
pressure-measuring unit and is at least provided 
with a distal measuring lumen and a balloon-inflat- 
ing lumen, comprising the steps of inserting the 
catheter by way of a suitable vein unit the distal 
end is positioned inside the thorax and of subse- 
quently inflating the balloon, and of inserting the 
catheter further by way of the right atrium and 
ventricle into the pulmonary artery until the distal 



end with the inflated balloon in wedge position is 
stuck in a branch thereof and closes off the latter, a 
proximal measuring lumen being provided a few 
centimetres apart from the distal measuring lumen, 

5 the pulmonary arterial pressure (PAP) being mea- 
sured, during insertion of the catheter into the 
pulmonary artery as long as the catheter has not 
yet arrived in the wedge position, via both the 
proximal measuring lumen and the distal measur- 

w ing lumen and the two relevant, virtually identical 
pressure curves being simultaneously recorded by 
the measuring unit and/or represented thereon. 

2. Method according to claim 1 , comprising the 
step of measuring, in the wedge position of the 

75 catheter with the balloon inflated, the pulmonary 
arterial pressure (PAP) and the pulmonary capillary 
wedge pressure (PCWP) via the proximal measur- 
ing lumen and via the distal measuring lumen, 
respectively, and of simultaneously recording the 

20 two relevant mutually different pressure curves 
with the measuring unit and/or representing them 
thereon. 

3. Method according to claim 2, comprising the 
step of incidentally inflating the balloon in the 

25 wedge position of the catheter, the pressures mea- 
sured simultaneously via the two measuring iumina 
in the uninflated and inflated state of the balloon 
producing virtually identical and mutually different 
pressure curves on the measuring unit as a result 

30 of which the wedge position is exactly determined 
and a reliable measurement of the two said pres- 
sures is guaranteed. 

4. Method according to claim 3, comprising the 
step of simultaneously measuring the pulmonary 

35 arterial pressure (PAP) and pulmonary capillary 
wedge pressure (PCWP) via the proximal measur- 
ing lumen and via the distal measuring lumen in a 
spontaneously assumed and upward-displaced 
wedge position of the catheter with the uninflated 

40 balloon producing thereby mutually different pres- 
sure curves on the measuring unit, as a result of 
which the moment at which the catheter without 
inflated balloon spontaneously arrives in an 
upward-displaced wedge position can be clearly 

45 detected due to the two said curves diverging and 
an alarm can be given. 

5. Method according to claim 1, comprising the 
step of measuring, during the insertion of the cath- 
eter by way of the right atrium and ventricle into 

so the pulmonary artery or during removal of the 
catheter therefrom, the pressure on one side and 
on the other side of the tricuspid valve and/or the 
pulmonary valve by means of the proximal and 
distal measuring Iumina, so that the pressure gra- 
ss dient over the said valve(s) is recorded and/or 
represented on the measuring unit by means of 
two pressure curves. 
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6. Method according to claim 2 or 3, in which 
the catheter has a thermistor lumen near the distal 
end for a thermodilution measurement in order to 
determine the cardiac outpu t (CO ), the pulmonary 
vascular resistance PVR = ( PAP - LAP )/CO being 5 
determined (wherein LAP is the left atrial pressure) 

by LAP-PCWP, the intra-thoracic pressure 
changes, hemodynamic and respiratory fluctuations 
which may occur during the measurement of PAP 
and PCWP having no influence. w 

7. Flow-directed balloon catheter for 
hemodynamic measurements for use with the 
method according to one of the preceding claims, 
in which the catheter is at least provided with a 
distal measuring lumen and a balloon-inflating 15 
lumen, characterized in that a proximal measuring 
lumen is provided a few centimetres apart from the 
distal measuring lumen which makes it possible to 
measure the pulmonary arterial pressure (PAP) and 

the pulmonary capillary wedge pressure (PCWP) 20 
simultaneously in the wedge position of the cath- 
eter. 

8. Catheter according to claim 7, in which each 
measuring lumen comprises a pressure (chip) tran- 
sducer. 25 
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